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SUMMARY 
Experimental work conducted in Iowa, Minnesota, Illinois 
and Wisconsin showed that the yield of hemp di~fered con-
siderably on various soil types. The darker-colored soils pro-
duced the higher yields of hemp where drainage was adequate 
or nearly so. Where drainage was inadequate, the darker-
colored soils frequently produced lower yields of hemp than 
did the associated soils. 
The yield of hemp varied markedly with the level of avail-
able nitrogen in the soil. For this reason, the effect of the 
preceding crop on the yield of hemp was especially noticeable. 
In 1943 it was found that the relative yield of hemp following 
various crops was as follows: Alfalfa or clover 100, soybeans 
75, corn or oats 57, sorghum 35. The residual effect of alfalfa 
on hemp appeared to exist even in the third year following 
the alfalfa crop. Clover had a definite effect on hemp grown 
the second year following, but little or no effect in the third 
year. Soybeans had a definite effect the first year following 
but apparently had very little effect in the second year. 
Although hemp requires considerable nitrogen, the pro-
duction of one crop did not appear to affect adversely the yields 
of subsequent crops. The yields of corn and hemp on Webster 
soil in 1944 were higher following hemp than they were fol-
lowing corn or oats, other factors being equal. 
The relative merits of spring and fall plowing for hemp 
appear to depend on the effect these cultural practices have on 
soil moisture and structure. In 1~43 when conditions were 
excellent for spring plowing and seedbed preparation, fall 
plowing appeared to be only slightly superior to spring 
plowing. In 1944 when the soil was too wet on many fields 
for satisfactory spring plowing, hemp on fall-plowed fields 
produced definitely higher yields than did hemp on spring-
plowed fields. 
The 1943 data showed that the yield of hemp was very 
slightly but not significantly higher where the seed was drilled 
than where the seed was broadcast. 
In 1943 a highly significant positive correlation. of 0.625 
was found between hemp yields and corn yields in Iowa when 
comparison was made on a township basis. The yield of hemp 
increased 0.0285 ton per bushel increase in yield of corn. 
Soil Type and Soil Management 
Factors in Hemp Production I 
By A. ]. VESSEL AND C. A. BLACK' 
Hemp (Cannabis sativa) came into prominence as a stra-
tegic war crop shortly after United States' imports of abaca and 
sisal were cut off from the Philippines and the Netherlands 
Indies. Production of hemp in the United States was expanded 
from about 3,000 acres annually during the period of 1939 to 
1941 to 146,000' acres in 1943. 
Most of the additional acreage was planted in Minnesota, 
Iowa, Illinois and Indiana where farmers had little or no ex-
perience with hemp. Moreover, prior to the war period the 
minor economic importance of the crop, even in the old hemp-
producing states of Kentucky and Wisconsin, had practically 
precluded the expenditure of much effort on experimental 
work to determine the response of the crop to different soil and 
management conditions. Thus, at the time the emergency arose, 
our knowledge of hemp growing was rather limited. 
The experimental work reported in this bulletin was under-
taken primarily to obtain information on the effect of soil types 
and soil management practices on the yield of hemp. Data are 
presented to show the effect of soil types, prev,ious crops, time 
of plowing and method of planting on the yield of hemp, the 
effect of hemp on the yield of the follOWing crops of hemp and 
corn, and the relative yields of hemp and corn. 
EXPERIMENTAL METHODS 
Two.general approaches were used in the evaluation of the 
soil and management factors: namely, the organization of data 
available at the hemp mills where the soil and management 
factors were tabulated by fields, and the collection of data by 
sampling individual fields in which different soil and manage-
ment conditions were represented. 
Relatively few observations were possible where individual 
fields were sampled, because of the length of time required per 
field. The accuracy, however, was higher for two reasons than 
was the information from the hemp mills. In the first place, the 
management record was obtained through a personal interview 
t Project 825 of the Iowa Agricultural Experiment station in cooperation with 
the Bureau of Plant Industry, Soils and Agricultural Engineering of the United 
States Department of Agriculture. 
2 Associate Soil Scientist, Division of Soil Survey, Bureau of Plant Industry. 
SoilS and Agricultural Engineering, United States Department of Agriculture, and 
Research Associate Professor, Soils Subsection, Iowa Agricultural Experiment 
Station, respectively. 
• Harvest acreage. 
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with the farmer, and the soil type was identified by direct 
examination. In the second place, fields selected for sampling 
were those in which two or more different conditions were 
represented, thus furnishing a "within-field" comparison. 
The effect of preceding crops was studied by taking quadrat 
samples from fields which had been handled as a unit except 
for the year preceding hemp, at which time the fields had been 
divided and two different crops had been grown side by side'. 
The boundary line between the two preceding crops was lo-
cated with the assistance of the cooperating farmer and by the 
occurrence of the residues of the preceding crop on the surface 
of the soil. On most fields the old crop boundary line was quite 
evident from the change in height and color of the hemp. Fields 
were eliminated where the comparisons were believed not to 
be reliable, as, for example, where manure had been applied 
to one crop and not to the other. The fact that samples could 
be taken within a few feet of each other across the boundary 
line minimized the differences in hemp yield due to factors 
other than the one being measured. 
Comparisons of the effect of different soil types on the yield 
of hemp were made in fields where two or more soil types were 
represented and where the previous management had been the 
same over the entire field. Representative areas of the given 
soil types were located in the fields early in the season, and 
the hemp samples were taken from these areas shortly before 
the field was harvested. 
In taking samples of hemp following two different crops, a 
series of three or more 36" x 36" samples was taken along each 
side of the boundary line. Where hemp on different soil types 
was sampled, four 36" x 36" samples were taken at random 
within an area 7"x 21' on each soil type. . 
The records obtained at the hemp mills" included a 3-year 
history of the crops preceding the hemp. Most of the crop his-
tories were obtained by the fieldmen who contacted the grow-
ers at various times throughout the season. In one county the 
records were obtained py means of a questionnaire sent out by 
the hemp mill manager, and in several counties the senior 
author sen~ a questionnaire to growers whose records had not 
previously been obtained. The soil type or types on the indi-
vidual hemp fields were assigned from soil maps with the aid 
of the fieldmen who had visited the fields. In fields having 
• In the case of the comparisons of different crops with clover or alfalfa. the 
fields included those which had been handled as a unit prior to the time the 
clover or alfalfa was planted. 
• The cooperation of C. J. otten. agronomist. War Hemp Industries. Inc .• and 
of the personnel at the various hemp mills in making these records available is 
gratefully acknowledged. 
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more than one soil type, the type designated comprised 90 
percent or more of the field. 
There undoubtedly were occasional errors in both crop 
records and soil type designations; however, since a number of 
observations ordinarily were included in each category for 
analysis, such errors are believed to have but little effect on 
the average results obtained. The most important source of 
error was the random variation between fields which, as far as 
records showed, had received identical treatment. Factors such 
as the management of the field prior to the time the records 
were taken, the condition of the seedbed, drainage, local 
weather conditions and acreage errors might be listed as causes 
of uncontrolled variation. 
In evaluating the data obtained from hemp mill records and 
in comparing them with the data obtained by sampling indi-
vidual fields, the way in which the information was secured 
should be kept in mind. No yield comparisons were taken from 
the poorly drained spots where the growth of hemp.was very 
poor, which would make the yields obtained for this study 
somewhat above the average for the field. The data from the 
hemp mills were biased in the same respect because no yields 
were available for hemp which was abandoned. Where the 
hemp made poor growth either on an entire field or on a sizable 
area within a field, it was not harvested and no yield records 
were available. Where portions of a field were abandoned, the 
acreage involved was subtracted from the total acreage of the 
field, and yields were recorded for the harvested area only. 
It was found impracticable to make a study of the abandon-
ment by soil type and crop history because of the difficulty en-
countered in obtaining complete records for abandoned fields. 
From personal observations and from discussions with field-
men, however, it was learned that more fields and parts of 
fields were abandoned where hemp followed corn and oats 
than were abandoned where hemp followed leguminous crops. 
The average yields obtained for hemp, therefore, would be 
somewhat higher than the true average where hemp followed 
corn and oats, and would be little affected where hemp fol-
lowed leguminous crops. . 
In the case of the soil type comparisons there was a similar 
bias in results. Poor drainage as a factor in abandonment was 
not equally operative on all soil types. Drainage was not a 
factor on the Clarion, Carrington and Tama soils, whereas it 
was important on the Webster, Floyd, Clyde and Muscatine 
soils. The average yields indicated for this latter group of soils, 
therefore, would be somewhat higher than was the average 
yield for the total acreage planted. When soil type comparisons 
were made on individual fields, only the moderately well-
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drained portions of the fields were used for sampling. The 
average yields obtained for the Webster, Floyd, Clyde and 
Muscatine soils thus were somewhat higher in relation to yields 
for the associated Clarion, Carrington and Tama soils than was 
the actual average on some of the fields. 
All hemp yield data reported refer'to the acre yield of 
retted hemp straw containing 10 percent moisture, since this 
was the W?y in which the yields were recorded at the h.emp 
mills. Where hemp was cut and weighed green in the field, the 
yields were multiplied by the factor 0.33 to obtain the approxi-
mate yield of retted straw at 10 percent moisture. 
RESULTS AND DISCUSSION 
THE YIELD OF HEMP ON DIFFERENT SOIL TYPES 
THE YIELD OF HEMP ON DIFFERENT SOIL TYPES IN lOW A 
In table 1 are given the yields of hemp straw computed from 
some 1,300 records obtained from the 11 Iowa hemp mills in 
1943. The data are classified under seven different soil types 
and have been subdivided according to five different types of 
past management. The subdivisions were made to remove these 
management factors from consideration as sources of variation 
in the yields by soil types. The complete set of data, classified 
by the above scheme and by hemp mill sites, is given in table 
I in the appendix. 
The highest yields of hemp were obtained on the Muscatine 
soil and the lowest were obtained on the Carrington soil. Con-
sidering the hemp yields on Muscatine silt loam as 100, the 
relative yields on the other soils were 94 on Tama silt loam, 
86 on Webster silty clay loam, 77 on Clyde silt loam, 75 on 
Clarion loam, 75 on Floyd silt loam and 72 on Carrington silt 
loam. While these data represent an estimate of the relative 
yield of hemp on the different soils, they do not necessarily 
give the relative productivity of the different soils because not 
all the soils are represented in all mill areas (see fig. 1). The 
Clarion and Webster soils are closely associated in a given area, 
the Tama and Muscatine soils are closely associated in another 
area, and the Carrington, Floyd and Clyde soils are closely 
associated in still another area. Whereas strict comparisons 
may be made between associated soil types within mill areas, 
comparisons between non-associated soil types are not exactly 
equivalent even within mill areas, because the non-associated 
soils occur in distinct parts of the mill area. 
The Clarion and Webster soils furnish an excellent com-
parison since both these soils were found in eight of the mill 
areas. Hemp grown on Webster silty clay loam out yielded that 
on Clarion loam at all locations except at Boone. The average 
TABLE 1. THE ymLD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT ON DIFFERENT SOIL TYPES 
IN IOWA IN 1943. 
-
Clarion loam I Webster silty Tama Muscatine Carrington Floyd Clyde 
clay loam silt loam silt loam silt loam' silt loam silt loam 
Preceding crops No.ofl Yield fields tons! A 
No.ofl Yield 
fields tons! A 
No.ofl Yield 
fields tons! A 
No. of I Yield 
fields tons! A 
No.ofl Yield 
fields tons! A 
No.ofl Yield 
fields tons! A 
No. of I Yield 
fields tons! A 
Com in 1942; oats, corn I or soybeans in 194L ___________ . 71 2.26 108 2.67 65 2.95 6 3.11 40 2.30 6 2.29 7 ;.l.14 
Com in 1942; clover, pasture 
or alfalfa in 194L _________ . ____ 39 2.56 62 3.05 30 3.21 6 3.35 22 2.30 5 2.62 3 2.70 
Oats in 1942 ___ ... ______ ._._. __ . ___ . __ 55 2.23 121 2.49 14 2.74 2 3.13 25 2.27 8 2.05 7 2.31 
Soybeans in 1942 _______________________ ._ 71 2.34 121 2.62 44 3.15 9 3.15 38 2.31 19 2.56 9 2.33 
Clover, pasture or 
alfalfa In 1942 __ _ ____________ 
---- --
61 2.68 135 3.09 45 3.Q7 4 3.34 .44 2.36 15 2.52 10 2.89 
Unweighted __ average 
-I -I -I I - I -I - I 2.41 2.77 3.02 - I 3.22 2.31 2.41 2.47 
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LOCATION OF HEMP MILL 
Yield of hemp by soil types and mill areas in Iowa in 1943. 
difference of 0.36 ton per acre in favor of the Webster soil was 
highly significant. The relative yields obtained on these soils 
from the hemp mill records were corroborated by observations 
and by samples taken from nine fields of mixed Clarion . and 
Webster soils where hemp on the Clarion soil averaged 2.03 
tons per acre and hemp on the Webster soil averaged 2.69 tons 
per acre. 
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The Carrington, Clarion and Webster soils occurred in 
three hemp mill areas, Mason City, Iowa Falls and Hampton. 
Figure 1 shows that in each mill area the highest yields were 
obtained on Webster silty clay loam and the lowest on Carring-
ton silt loam. The relative yields were as follows: Webster silty 
clay loam, 100; Clarion loam, 87; Carrington silt loam, 80. At 
the Hampton mill, Tama silt loam could be compared with the 
above three soils. The relative hemp yields were 100 on 
Webster silty clay loam, 95 on Tama silt loam, 86 on Clarion 
loam and 81 on Carrington silt loam. Thus, while the average 
, hemp yield on Tama silt loam was higher than was that on 
Webster silty clay loam, the Webster soil produced the higher 
average yield in the one mill area where both soil types oc-
curred: Comparisons of Tama silt loam and Carrington silt 
loam in two mill areas, Hampton and Grundy Center, showed 
Tama silt loam to be definitely superior. The yields on Carring-
ton silt loam averaged 84 percent as great as those on Tama silt 
loam. The difference between the Tama and Carrington soils 
was noticeable enough to the mill managers that very little 
acreage was contracted in the Carrington soil area in the 
following year (1944). 
Rockford was the only mill area in which yields were ob-
tained on all members of the Carrington-Floyd-Clyde soil 
association. Hemp on Floyd silt loam was better than that on 
Carrington silt loam, and the yields on Clyde silt loam 
averaged slightly higher than did those on Floyd silt loam. 
Independent observations and. several yield samples taken on 
individual fields substantiate the relative placement of the 
soils as given in table 1. In two fields, each containing the three 
soil types, the average hemp yields were 1.25 tons per acre on 
Carrington silt loam, 2.0 tons on Floyd silt loam and 3.0 tons 
on Clyde silt loam. As an average of the yields of three fields, 
each containing Floyd silt loam and Clyde silt loam, the former 
soil yielded 1.8 tons and the latter yielded 3.0 tons. 
In the Tama-Muscatine soil area, comparisons are less 
readily made because of the relatively few fields on Muscatine 
silt loam. Muscatine silt loam was consistently superior to 
Tama silt loam in the Grundy Center comparisons, although 
the difference was not statistically significant. 
The yield of hemp in 1943 was very closely related to the 
availability of nitrogen in the soil (see figs. 2 and 3). This fact 
was. brought out forcibly by experiments with nitrogen fer-
tilizer (1) and by the crop sequence studies to be reported in 
following pages. Insufficient drainage on many fields of the 
Webster, Clyde, Floyd and Muscatine soils limited nitrate pro-
duction and hemp yields. The exact location of the tile lines 
in some cases could be traced by the relatively greater growth 
and darker green color of hemp directly over the tile (see 
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Photograph courtesy of C. P. Wilsie, Iowa Agr. Exp. Sta. 
Fig. 2. Undulating growth of hemp on a smooth field of Webster silty clay 
loam. Unevenness was caused by uneven distribution of ammonium nitrate fer-
tilizer with an endgate seeder. 
Fig. 3. Effect of a high-nitrogen fertilizer on the growth or hemp on Car-
rington silt loam. The hemp on the left received no treatment while that on the 
right received 500 Ibs. of 20-10-5 fertilizer per acre. 
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Fig. 4. The effect of a tile line on the growth of hemp on Webster silty 
clay loam. The hemp growing directly over the tile line was taller and had a 
darker green color than the adjacent hemp. 
fig. 4). On wet spots in fields the hemp was very poor (see fig. 
5), ordinarily being abandoned and mowed before the re-
mainder of the field was harvested. On spots where water 
stood for any length of time after the hemp was planted, the 
crop sometimes failed completely. Where the drainage of the 
Webster, Clyde, Floyd and Muscatine soils was definitely 
Fig. 5. Uneven growth of hemp on a field of Webster silt loam and silty 
clay loam. The hemp was a complete failure on the poorly drained area of Webster 
silty clay loam in the center of the picture. The soybeans in the foreground were 
not affected to the same extent as the hemp. 
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TABLE 2. THE YIELD OF HEMP ON DIFFERENT SOIL TYPES 
IN IOWA IN 1944. 
Soil types compared No. of tons per acre I I Yield of hemp 
----A-,-------.-----'B------ comparisons --.A----;---;B.----
Tama silt loam Muscatine silt loam 14 4.47 4.08 
Tama silt loam Garwin silty clay loam 5 4.24· 2.38 
Tama silt loam Waukesha silt loam 2 3.30 3.45 
Tama silt loam Wabash-Judson silt loam 11 3.51 4.17 
Tama silt loam Wabash silt loam 4 4.22 3.69 
Muscatine silt loam Garwin Sll% clay loam 6 4.07· 2.36 
Muscatine silt loam. Wabash-Ju son silt loam 2 4.97 4.49 
Clarion loam Webster loam 6 4.22 
I 
4.27 
Clarion loam Webster silt loam I 9 4.06 5.31" 
Clarion loam Webster silty clay loam 
I 
11 4.24 4.21 
Webster loam Webster silt loam 1 4.55 5.46 
Webster loam Webster silty clay loam 4 4.33 4.46 
Webster silt loam Webster silty clay loam I 6 4.85· I 3.87 Carrington silt loam Floyd silt loam I 4 4.70 4.64 Carrington loam Floyd silt loam 1 I 2.44 2.31 
Carrington loam Clyde silty clay loam I 2 I 3.93 I 3.03 Floyd silt loam Clyde silty clay loam I 1 2.31 2.61 
• Significant at 5 percent level. 
inadequate, the yield of hemp was frequently lower than it was 
on the associated Clarion, Carrington and Tama soils in the 
same field, even though the former soils would be expected to 
have a higher inherent nitrate-producing capacity under 
favorable conditions. 
Table 2 gives the results of soil type comparisons made in 
1944 by sampling fields containing two soil types which had 
received the same management. In the comparisons among the 
Tama, Muscatine and Garwin soils it is evident that Tama silt 
loam produced the highest yields and Garwin silty clay loam 
the lowest. In the Tama-Wabash comparisons, also, the former 
soil was superior. Only in the comparisons with Wabash-
Judson silt loam and with Waukesha silt loam was the yield 
on the associated soil higher than it was on Tama silt loam". 
Among the Clarion-Webster comparisons, only in the case of 
Webster silt loam were the yields definitely higher on the 
Webster soil than they were on the associated Clarion loam. 
In the Carrington, Floyd lilnd Clyde comparisons the Carring-
ton soils proved superior to Floyd and Clyde. 
In table 3 the data obtained in 1944 from the records of 
three hemp mills have been classified according to soil type 
and past management'. There were no significant differences 
in the average yields between Clarion loam and Webster silty 
clay loam or between Tama and Muscatine silt.loams, which is 
• In one of the two comparisons of Tama silt loam with Waukesha silt loam. the 
yield was higher on Tama silt loam. 
T Tabulation by past management without regard to the use of fertilizers for 
hemp seemed preferable to a further breakdown by fertilized and unfertilized 
fields since no apparen~ trend is indicated as seen from table III in the Appendix. 
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TABLE 3. THE YIELD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT 
ON DIFFERENT SOIL TYPES IN IOWA IN 1944. 
Webster silty Tama Muscatine 
Clarion loam clay loam silt loam silt loam 
Preceding crops No.ofl Yield fields tonsl A 
No.Ofj Yield 
fields tonsl A 
No.ofl Yield 
fields I tons/A 
No.ofl Yield 
fields tonslA 
Corn. preceded by 
corn. oats. hay or 
2.65 soybeans _______________________ 7 2.05 27 2.25 12 2.87 2 
Corn. preceded by 
clover. pasture or 
3.16 1 3.02 alfalfa_. ___________________________ . 10 2.50 
25
1 
2.57 7 
Oats ____ . __ . _____ ... ____ . ____ . 2 2.54 18 2.87 3 2.64 1 2.94 
Soybeans. __________ ._. __________ . 8 2.61 14 2.01 9 2.71 7 2.95 
Clover. pasture or 
alfalfa .. ______ . _______ .... _______ ... 10 2.98 45 2.70 14 3.08 3 3.12 
Unweighted average ...... . I 2.54 -I 2.48 - \ 2.89 -I 2.94 
in agreement with the results in table 2. Comparisons between 
the 1943 results (table 1) and the 1944 results (table 3) on the 
same soil type show that in 1944 the yield on Clarion loam was 
slightly higher, but the yields on Webster silty clay loam, 
Tama silt loam and Muscatine silt· loam were slightly lower. 
This change in rank of soils in 1944 may be due to the dif-
ferences between seasons. The 1943 season had more rainfall 
than average, but the rainfall in 1944, particularly during the 
spring and early summer, was Gonsiderably above that in 1943. 
The Muscatine, Waukesha, Wabash-Judson, Garwin, Wabash, 
Floyd, Clyde and Webster soils, which are tile-drained for 
crops, did not dry out sufficiently. As a consequence, much of 
the land was worked when wet, and planting was delayed. The 
stand and growth of hemp were irregular on these naturally 
poorly drained soils, varying considerably with slight differ-
ences in topography. Thus, areas where there was a slight rise 
in the surface of the field bore relatively tall hemp, whereas in 
shallow depressions the hemp was short or failed completely 
(see fig. 5). The yields recorded in table.2 are undoubtedly 
higher than the average for the poorly drained soils because 
samples were not taken from the areas with the slowest 
drainage. 
ConSidering the results obtained in 1943 and 1944, it is prob-
able that were hemp to be grown on the same soils at some 
future time, the 1943 data would be the more representative of 
the relative yields which might be expected. Since the 1943 
season also had above-average rainfall and since the yield of 
hemp was limited by inadequate drainage in many fields, it 
would appear that in years of average or below-average rain-
TABLE 4. THE YIELD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT ON DIFFERENT SOIL TYPES 
IN WISCONSIN IN 1943 AND 1944. 
Tama Dodgeville Fayette Dubuque Parr Miami Clyde Waukesha 
silt loam silt loam silt loam silt loam silt loam silt loam silt loam silt loam 
!:l. ... 
~~ I < "" 00 loa < "" 00 loa~ Sea ~OOI oa~ ""00 1 < 
'"'"I oa~ .. 00 loa~ "" '" I oa < ", . ., o :E ';n- 0'  :9 ';;]< Preceding crops :t:;>' .:g 'ii CfJ ~:E "ii ~ 0"d _ rt.I r:::E ~ ~ 0"CI ...... rn 0"0 _ ~ ~~ ~~ .- '" ~~ ~]. o'il ~s:: .- '" o Q.J ' ..... C- o fl,I .~ § o ~ . .-j § o QJ • .-1 § o Q.I ..... § Zo;:; :><3 Z~ ~ ...... zo;:; :>< .... zo;:; >< .... z:= >-.8 zo;:; >< .... 
I I I 
11 1 2.89 ) 
I I 
---- \ 231 CQrn, preceded by oats, 1 1943 
7 2.97 3 2.43 6 2.25 2 2.58 
--5 1 corn or timothy hay 1944 21 2.65 3 2.61 11 2.54 3 2.12 1.88 7 2.17 2.70 
I 
Corn, preceded by clover, 1943 58 3.24 9 2.62 29 2.64 15 2.25 42 I 3.31 27 I 3.04 3 2.94 pasture or alfalfa 1944 . 52 3.20 7 2.95 21 2.90 7 2.47 7 I 3.49 17 2.92 4 3.22 12 2.84 I 
Oats 1943 14 3.12 5 2.17 13 2.68 1 1.~~ I 9 I 3.00 6 I 3.09 2 2.63 ---- ----1944 3 3.35 
---
--_. 
----
.--- --- I ---- I ---- ---- I ---- --- _._- ---I I I I I 
Soybeans or 1943 6 2.99 2 2_70 2 3.10 1 I l.~~ 1 111 3.51 I ~ 1 3.37 2 4.~_~ 1 -j I peas 
11944 1 
---- ----
I 2.18 ._--
----1--
61 2.52 I 2.42 I -- 2.22 
I I I I 
Clover, pasture 1943 \ 33 I 3.30 I 9 2.13 I 24 I 2.65 4 I 2.66 I 16 I 3.40 I 51 3.09 I 3 3.62 I 12 I or alfalfa 1 1944 28 2_95 9 2.39 12 3.03 6 I 2.88 I 1 I 2.80 I 7 I 2.38 I 1 I 2.51 2.46 
Miscellaneous· 
1 1943 1 I 2.421 31 3.02 8 2.83 5 '2.49 Hemp I 1944 I 8 3.15 4 2.35 2 1.92 6 2.18 1 3.47 11 2.37 
Unweighted average I 1943 I 3~12 I 2.41 2.66 2.01 3.25 3.08 3.17 I 1944 I 2.99 2.51 2.71 2.49 2.78 2.34 2.84 2.59 
• Includes fields for which no crop history was obtained. 
~ 
0> 
397 
fall the differences in yield between soil types would be larger 
than those obtained in 1943. Without an overabundant supply 
of moisture, the higher nitrate-producing capa~ity and mois-
ture-holding capacity of the Muscatine, Webster, Floyd and 
Clyde soils should give these soils a definite advantage over the 
associated Tama, Clarion and Carrington soils. In almost any 
season, however, the most poorly drained areas of fine-
textured Clyde and Webster soils would be expected to be 
unsuitable for hemp. 
THE YIELD OF HEMP ON DIFFERENT SOIL TYPES IN WISCONSIN 
Hemp yields from three Wisconsin areas have been classi-
fied in table 4 according to soil type and previous crops. No 
separation on the basis of fertilizer or manure applications was 
made, since yield differences due to these treatments were not 
apparent in the data. In 1943 the hemp yield was highest on 
Parr silt loam, followed in order by Clyde, Tama, Miami, 
Fayette, Dodgeville and Dubuque silt loams. In 1944 the hemp 
yield was highest on Tama silt loam, followed in order by 
Clyde, Parr, Fayette, Waukesha, Dodgeville, Dubuque and 
Miami silt loams. 
As is the case with the Iowa data, direct comparisons 
between all the soils are not possible because the soils do not 
all occur in the same geographic area. If only the soils occur,-
·ring in the Cuba City area are compared, thE!n the relative 
yields of hemp on the different soil types in 1943 were as fol-
lows: Tama silt loam 100, Fayette silt loam 85, Dodgeville silt 
loam 77, Dubuque silt loam 64. The relative Yields of hemp on 
the different soil types in 1944 were as follows: Tama silt loam 
100, Fayette silt loam 90, Dodgeville silt loam 84, Dubuque 
silt loam 83. 
The hemp yields on the Parr, Miami, Clyde and Waukesha 
soils were obtained from the DeForest mill area in 1943 and 
from the Darien mill area in 1944. In 1943 at DeForest the 
yields were high on Parr, Miami and Clyde silt loams with 
relatively little difference between the different soil types. 
In 1944 at Darien the yields were lower on all the soils. The 
drop in yield was greater in the case of Miami silt loam than 
it was in the case of Parr silt loam or Clyde silt loam. The 
lower yields in 1944 may be explained by the dry period in 
midsummer during which the rate of growth was limited by 
moisture. Since the moisture-holding capacity of Miami silt 
loam is lower than that of the other soils, the greater drop in 
yield of hemp on the Miami soil in 1944 may have resulted from 
the lower moisture supply. 
THE YIELD OF HEMP ON DIFFERENT SOIL TYPES IN MINNESOTA 
The yield of hemp on different soil types in Minnesota in 
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TABLE 5. THE YIELD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT 
ON DIFFERENT SOIL TYPES IN THE BLOOMING PRAIRIE, MINN., 
HEMP MILL AREA IN 1944. 
Clarion Webster silty 
loam clay loam 
Preceding crops No.Ofl Yield No.Ofl Yield 
_______________ ~ __ I.::f.:..:ie--ld--'-s+t.:..:o.:.:ns"'-/-'-AI fields tons/A 
Corn, preceded by oats or corn _____________________________ .. _. 5 2.11 4 1.95 
Corn, preceded by alfalfa, clover or pasture ________ .... 7 2.38 7 2.20 
Oats ________ .. ___ .. _______________ .. ___________________________________________________ _ 2 2_57 5 2.75 
Clovers and alfalfa .. ____________________________________________________ _ 
Hemp . ________ . ________________ . ___________________________________________________________ _ 
13 2.48 
2.29 1: I 2_47 2.02 
Unweighted average _________________________________________________________ _ 
-..I 2.37 --I 2.28 
1944", computed from the records of the Blooming Prairie 
hemp mill, is given in table 5. The data indicate that hemp 
grown on Clarion loam out yielded hemp on Webster silty clay 
loam, except where hemp followed oats. 
The poor showing made by the Webster soil may be at-
tributed to inadequate drainage during the spring and early 
summer, when the rainfall was much above the average. (Con-
ditions in southern Minnesota were much the same as they 
were in Iowa in 1944.) Owing to the rains, planting was de-
layed and many fields were worked when wet. Numerous' 
fields were abandoned because of the PQor growth of hemp. 
The yields for Webster silty clay loam in table 5 are, therefore, 
above the true average because abandoned fields were not 
taken into account in the computations. 
As will be brought out later in the discussion of cultural 
practices, time of plowing had a marked effect upon the yield 
of hemp on poorly drained soils in 1944. Fields plowed in the 
fall were superior to those plowed in the spring. The higher 
yield of hemp on the Webster soil where oats was the pre-
ceding crop may have resulted from the fact that land which 
has been in oats is invariably plowed in the fall. The same 
explanation may apply to the virtually identical yields of hemp 
following clover or alfalfa on the Clarion and Webster soils. 
In table 6 are given the yields of hemp on different soil 
types in the Bl4e Earth, Minn., hemp mill area in 1944. The 
data represent paired comparisons made by sampling hemp on 
two soil types within the same field where the management 
on the two types had been the same. The lower yields were 
generally obtained on the soils with slow drainage. These re-
8 Soils information obtained from Prof. P. R. McMiller and Mr. Olaf Soine of 
the Soils Department, Minnesota AgricultUral Experiment Station. 
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TABLE 6. THE YIELD OF HEMP ON DIFFERENT SOIL TYPES IN THE BLUE 
EARTH. MINN .• HEMP MILL AREA IN 1944. 
Soil types compared No. of tons per acre I Yield of hemp ____ ,.-___ ,..-____ ...-____ comparisons _-;;-_;-_,.;;--_ 
~.~~~_A_.---.~I~~-~B_.-~--7_-_.;__-;--A B Clarion clay loam Webster silty clay loam 6 4.21- -3.77-
Clarion clay loam Webster silty clay loam. 
colluvial 3 3.55 5.96 
Clarion clay loam 
Clarion clay loam 
Webster silty clay 
Webster silty clay 7 3.90 2.25 
Blue Earth· silt loam 3 4.20 5.25 
loam 
Webster silty clay 
loam 
Webster silty clay 
loam 
Webster silty clay 
Webster silty clay loam. 
colluvial 
Blue Earth slit loam 
• Series name not correlated. 
4.19 2.77 
1 4.22 5.87 
3.27 5.87 
sults are in agreement with the 1944 results in Iowa (tables 2 
and 3) and in the Blooming Prairie, Minn., hemp mill area 
(table 5). The hemp on Clarion clay loam yielded less than 
did the hemp on Webster silty clay loam (colluvial phase) and 
on Blue Earth silt loam, in spite of the poorer internal drainage 
of the latter two soils. Both Webster silty clay loam (colluvial 
phase) and Blue Earth silt loam, however, have relatively good 
surface drainage and have a high percentage of organic matter. 
The surface of these soils did not seal over and become compact 
as it did on Webster silty clay loam or on Webster silty clay. 
THE YIELD OF HEMP ON DIFFERENT SOIL 1YPES IN ILLINOIS 
The yield of hemp on different soils in Illinois in 1943 is 
given in table 7. Since the original data from the hemp mills 
were not available, no separation according to management 
TABLE 7. AVERAGE YIELDS OF HEMP ON SOME MAJOR SOILS AND SOIL 
ASSOCIATIONS IN ILLINOIS IN 1943 (3). 
urn er 0 I verage Yle • 
fields tons per acre 
-----~---- ---~6---
o or so 
associatlon,;-;-.,.-__________ _ 
Berwick-Clinton ... _ ..... _ ... _ ...... _ ..................... _ ....... .. 
Brenton ......... _ ........ _ ...... _ .... _ ........... _ ..... _ ..... _ ........ _ .. 18 2.7 
Brenton-Drummer _ ....................... _ ......................... .. 17 2.4 
Clinton_ ........... _ ... __ ............ _ ............ _. _______ ......... _ .. _ .. _ 30 2.2 Elliott .. __ .. _ .. ___ .. ____ .... __ .. ________ ... __ ....... _____ ......... __ ... __ .... . 16 2.0 
Elliott-Ashkum ............ __ .............. _ ............... ____ ........... .. 35 1.9 Flanagan ._._ .... __ ... ____ . ___ .... _____ . ____ ... _ ... _ ... _ ......... _ ... __ . __ _ 27 2.5 
Flanagan-Catlin ......... __ .... _ ....... __ .... ___ ....... __ .. _ ....... _ 16 2.3 
39 2.3 
13 2.7 
Flanagan-Drummer .... _ ... _. ____ ..... _____ ....... _________ .. __ . 
Lisbon-Drummer .. __ ... ______ .... _ .... ___ .... _ .... ___ ._ ... _. __ ._ 
137 3.1 
9 2.6 iifr~?~_~~~.~~~~=:=:::~:::::::::::==::::::::=::=::::::::::: 
Muscatine ___ ......... _ ... _ ... __ .... _ .. : .. _ .... _ ........ _____ ... ___ .. 315 2.6 Muscatine-Elllott ... _____ . __ ... __ .. _ .. _ .. _ .. _ ... _ ....... ___ .. _ .. _ 41 2.3 Muscatine-Sable ._ ..... _____ .... _ ..... ____ .... _ ....... ____ .. _ .. .. 196 2.9 Proctor ... ___ .... ___ .... ___ ... ___ ...... _._ ..... ___ .... ___ .. ____ ........ __ 18 2.4 Proctor-Brenton .... ___ ._ .... _ .... _. _____________ .. _ ... ___ ._ .. __ _ 9 2.5 Sable ...... __ .. ___ .. ___ ' ....... ___ .. __ .. __ .. __ .... _ ... __ .. __ .. __ _ 20 2.7 
III 2.8 
18 2.4 
65 2.6 
Saybrook .................. ___ .. _ .. _ .... _ .... _ .. _____ ..... _ ...... . 
Saybrook-Saybrook. rolling phase_ ......... _ ..... __ .... _ 
Tama ..... _. ___ ............. _ .. __ .. _ .. : .. _______ ...... ___ .. __ .. _. ___ ... _ .. 
Tama-Muscatine . ..... . ............ _ ....... .. 115 2.6 
* Refers to soils by Illinois names. 
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Was possible. The high-yielding soils or soil associations were 
Saybrook, Lisbon-Saybrook and Muscatine-Sable, all of which 
are high in organic matter. These soils produced mbre hemp 
than did those inherently low in organic matter, as can be seen 
by comparing Muscatine or Tama with Clinton, Saybrook with 
Miami, and Muscatine-Sable with Clinton-Berwick. Further-
more, the moderately permeable soils such as Muscatine, Say-
brook and Flanagan produced higher yields of hemp than did 
the slowly permeable soils such as Elliott or Elliott-Ashkum. 
Hackleman and Wascher (3) correlated the variations in yield 
on similar soils throughout the state with variations in May 
rainfall, stating that where the rainfall was about 2 inches 
abov~ normal, the yields were higher than where the rainfall 
was normal or more than 3 inches above normal. 
The 1944 yields in table 8, tabulated according to preceding 
crops, were highest on Flanagan silt loam and about 90 percent 
as high on Lisbon and Saybrook silt loams. The relative place-
'ment of these three soils was not the same in 1944 as it was 
in 1943 when the yield of hemp on Flanagan silt loam was 
below that on either Lisbon silt loam or Saybrook silt loam. 
The difference in rainfall between the two years provides a 
likely explanation. The 1944 rainfall on the different areas was 
about the same. In 1943 the rainfall was 9.1 inches above 
normal in the Danville area, where the fields on Flanagan silt 
loam were concentrated; this put the 'Flanagan silt loam at a 
serious disadvantage compared with the Saybrook and Lisbon 
silt loams, which. were located in areas where the 1943 rainfall 
was less excessive. 
THE RELATIVE SUITABILITY OF DIFFERENT SOILS FOR GROWING HEMP 
Hemp was grown on many different soils in addition to 
those listed in the preceding tables, but the number of fields 
on each soil type was too small to give a very reliable figure 
for average yield. The· yield data. available for some of these 
less extensive soils are given in table V of the Appendix. The 
estimated relative suitability for raising hemp of a large 
number of soils occurring in the hemp-growing areas of Iowa, 
Minnesota and Wisconsin is presented in table 9. The ratings 
are based on yield data, observations and the properties of the 
soils. Soils that are capable of producing high yields of hemp 
either with or without the use of fertilizers are rated as good. 
Soils that are moderately drouthy or inadequately drained, 
and which with good management will produce only moderate 
yields or fair quality of hemp, are classed as fair. Soils that 
are subject to overflow are classed as hazardous. These soils 
may produce high yields when flood hazards are overcome. 
Soils that are steep, stony, gravelly, excessively sandy or very 
poorly drained are classed as unsuitable. 
TABLE 8. THE YIELD OF HEMP FOLLOWING VARIOUS CROPS ON DIFFERENT SOIL TYPES IN ILLINOIS· IN 1944. 
Corn Oats Alfalfa or Clover Hemp Soybeans ! Un weighted pasture average 
Soil type·· No.Ofl Yield No. of I Yield No.ofl Yield No. of I Yield No. of I Yield No.of Yield yield 
fields tons/A fields I tons/A 'ields tons/A fields I tons/A fields tons/A fields! tons/AI tons/A 
Saybrook slIt loam _______________________________ 16 3.04 4 2.98 11! 3.15 24 2.81 4 2.81 6! 2.98 2.96 
I Lisbon silt loam ________________________________ 20 3.25 10 2.66 
10 I 2.95 15 2.58 4 2.94 10 3.20 2.93 Flanagan silt loam _ .. ___________ .. ____ .. __ 27 3.42 ~~-~ 3.65 51 • 3.24 7 3.22 14 3.24 3.30 - - - --- ---
• The data are from the hemp mills located at Kirkland, Shabbona and Earlville, III . 
•• The soils were identified by Dr. R. S. Smith and Mr. Herman Wascher, chief and assistant chief, respective!y, of Soil Survey, Illinois 
Agricultural Experiment Station. 
~ 
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TABLE 9. THE ESTIMATED RELATIVE SUITABILITY OF SOME SOILS FOR 
GROWING HEMP. 
Berwick silt loam 
Bremer silt loam (drained) 
Brookston silty clay loam 
(drained) 
Carrington loam 
Carrington silt loam 
Clarion loam 
Clarion silt loam 
Clarion clay loam 
Clinton silt loam 
Clyde slit loam (drained) 
Clyde silty clay loam 
(drained) 
Conover silt loam (drained) 
Cope silt loam (drained) 
Corwin silt loam (drained) 
Corwin silty clay loam 
(drained) 
Crosby silt loam (drained) 
Darroch loam (drained) 
Darroch silt loam (dr~ined) 
Ames silt loam (drained) 
Benoit silt loam (drained) 
Benoit silty clay loam 
(drained) 
GOOD 
Dodgeville loam=--, -:;d-=e-=ep=--~;-;L~e~s"'te:-r:-s"'ll;';t'l-o-am------
phase Miami silt loam 
Dodgeville silt loam, Muscatine silt loam 
deep phase (drained) 
Downs silt loam Odell loam (drained) 
Drummer silty clay loam Odell silt loam (drained) 
(drained) Parr silt loam 
Dubuque silt loam, deep Rensselaer loam (drained) 
phase Rensselaer silt loam 
Fayette silt loam , (drained) 
Fincastle silt loam Rensselaer silty clay 
(drained) loam (drained) 
Floyd silt loam (drained) Russell silt loam 
Floyd silty clay loam Tama silt loam 
(drained) Wabash-Judson silt loam 
Foresman loam Waukegan silt loam 
Foresman silt loam Waukesha silt loam 
Garwin silty clay loam Webster loam 
(drained) Webster silt loam 
Hines silt loam Webster silty clay loam 
Langdon ~ilt loamc.::... ___ -'_(.:..d;...r.;c.ac:..in"'e"'d"')'-____ _ 
FAIR 
Carrington fine sandy loam 
Clarion fine sandy loam 
Dickinson loam 
Fox silt loam 
Lindley loam 
Lindley silt loam 
Muck (drained) 
O'Neill loam 
O'Neill silt loam 
Peat (drained) 
Webster silty clay 
(drained) 
Buckner loam 
Buckner silt loam 
Bellefontaine silt loam _____ c-_-'-__________________ _ 
HAZARDOUS 
':;G.--:e::-:n:-:e~s~ee:-::s;;i1:::-t .. lo:-:a::-:m------------;-I-;;R::-:a~y:-:s"'l1;:::-t loam I Wabash silty clay loam 
~moure silty clay loam __ W~bash silt loam ___ _ 
UNSUITABLE 
Poor Natural Drainage 
Ames silt loam 
Benoit silt loam 
Benoit silty clay loam 
Bremer silt loam 
Brookston silt loam 
Clyde silt loam 
Clyde silty clay loam 
Conover silt loam 
Cope silt loam 
Corwin silt loam 
Corwin silty clay loam 
Crosby silt loam 
Darroch loam 
Darroch silt loam 
Drummer silty clay loam 
Floyd silt lopm 
Floyd silty clay loam 
Fincastle silt loam 
Garwin silty clay loam 
Lamoure silty clay loam 
Marshan loam 
Maumee silt loam 
Muck 
Muscatine silt loam 
Odell loam 
Odell silt loam 
Peat 
Rensselaer loam 
Rensselaer silt loam 
Rensselaer silty clay loam 
Webster loam 
Webster silt loam 
Webster silty clay loam 
Webster silty clay 
Excessive Natural 
Drainage 
Buckner fine sandy loam 
Cassloam 
Dickinson sandy loam 
Dickinson fine sandy loam 
O'Neill sandy loam 
O'Neill fine sandy loam 
Pierce loam 
Sarpy silt· loam 
Sioux fine sandy loam 
Sioux loam 
THE YIELD OF HEMP FOLLOWING DIFFERENT CROPS IN IOWA 
During the 1943 season, probably 80 percent or more of the 
hemp grown in Iowa had a light green color and was deficient 
in nitrogen. The level of available nitrogen in the soil appeared 
to be the major factor controlling the growth of hemp. The 
influence of the preceding crop on the yield of hemp was 
especially noticeable, 
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TABLE 10. THE RELATIVE YIELD OF HEMP IN 1943 FOLLOWING VARIOUS 
CROPS GROWN SIDE BY SIDE IN 1942. 
Crops compared A ~~~B=------
Sorghum ................... Corn ... ...... _ ........ _ ... . 
~~~~~~~ ::::=:::.::::::::: ~I~~::~.~ .. ::: :::::: :::::. 
Corn ............................ Oa ts ... .................. . 
g~~~ ~:=:: :::: ::::: :: : .::.::::: ~I~~::~.~ .. ::::::::::::::= 
Com ................... ........ Alfa lfa ....... .... __ ... . 
g:~ .::::::=::.:::::::::.:::: ~sr~~:n.s. :::::.:::::::::::. 
Soybea ns Clover 
Number of 
comparisons 
5 
2 
1 
6 
14 
1 
2 
7 
2 
3 
• Difference significant at the 5 percent leyeJ. 
.. Difference significant at the 1 percent level. 
YIeld ot hemp followmg 
crop A as a percentage 
of the yield following 
cr op B 
56· ' 
45 
55 
97 
77" 
69 
53 
75" 
56 
75· 
In table 10 are given the results of 43 comparisons obtained 
by taking samples in fields where the two crops being com-
pared had been grown side by side the year prior to the hemp. 
Hemp yielded 56 percent as much after sorghum as after corn, 
77 percent as much after corn as 'after soybeans, 75 percent as 
much after oats as 
after soybeans, and 75 
percent as much after 
soy beans as after 
clover (see figs. 6, 7, 8 3' 
and 9) . I --------:: 
To facilitate compar-
isons between crops, 
the data were re-
grouped into four cat-
egories in which each 
category was rated 
with respect to the 
yield of hemp follow-
ing alfalfa and clover', 
arbitrarily taken . as 
100 (see table 11). 
Corn and oats were 
grouped together be-
cause the corn-oats, 
corn-soybeans and 
oats-soybeans compar-
isons indicated that 
the yield of hemp was 
about. the same fol-
lowing corn as it 
was following oats. 
1'-....., .. 
Fig. 6. The bundles from left to right show 
the comparative growth of hemp following sor-
ghum. corn a nd soybeans. 
• The term " clover" is used to include red clover, alsike clover and sweetclover 
grown alone or in m ixtures as a biennial crop with or without grass. 
404 
Fig. 7. The effect of alfalfa on the growth of hemp on Dickinson sandy 
loam. Hemp on the left followed corn preceded by oats; hemp on the right 
followed corn preceded by alfalfa. 
A weighted average then was made of the relative yields fol-
lowing the different crops to obtain the values of 100, 75, 57 
and 35 given in table 11 as the relative yield of hemp following 
clover-alfalfa, soybeans, corn-oats and sorghum, respectively. 
The average yields were in a very similar ratio. 
The effect of the preceding crops on the yield of hemp thus 
was in the same order as the effect of these crops on the supply 
of available nitrogen in the soil. Clover and alfalfa, which fix 
atmospheric nitrogen and leave in the soil residues containing 
considerable amounts of nitrogen, gave the highest yields; 
sorghum, which temporarily reduces the supply of available 
nitrogen, gave the lowest yields. Soybeans ranked below clover 
and alfalfa, but above corn and' oats. Most of the beneficial 
effect of soybeans probably resulted from the action of this 
crop in loosening the soil and increasing the production , of 
TABLE 11. A RATING OF VARIOUS CROPS GROWN IN 1942 WITH RESPECT 
TO THEIR EFFECT ON THE YIELD OF HEMP IN 1943. 
Average yield of hemp Relative yield 
Preceding crop tons per acre' of hemp" 
Clover-alfalfa ____ ~ ____ ._=-____ :::_.:~:_ .. ~.=_:::: ____ ~ __ .: __ ----- 4.45 ----- 100 
Soybeans ____ ________ ,_. ________ . ____ . ___ . __ . ___ ... __ ... ____ 3.26 75 
Corn-oats ___ . _____ . ______ . _________ .. _________ . __ .______ 2.56 57 
Sorghum 1.44 35 
• The yield differences for all possible comparisons between the crops listed are 
significant at the 1 percent leveL 
•• A summary of ratios existing within individual fields. 
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Fig. 8. The effect of alfalfa on the growth of hemp on Webster silty clay 
loam. Hemp on the left followed alfalfa; hemp on the'right followed oats seeded 
to sweetclover. 
FIg. 9. The growth of hemp on Clarion loam following soybeans on the 
left and following com on the rIght. 
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nitrate from the soil supply rather than from nitrogen added 
symbiotically. 
The fields following alfalfa and clover used for the rating 
of 100 included only those fields where the soil had been limed 
or was not in need of lime. Ordinarily, alfalfa is not seeded on 
acid soils, but no special effort is made to apply limestone for 
red and alsike clover in Iowa. As a result, a number of fields 
of hemp followed clover grown on unlimed soil. Hemp fol-
lowing clover grown under these conditions was -deficient in 
nitrogen, apparently because of the small amount of nitrogen 
fixed by the clover (see figs. 10 and 11). 
The alfalfa fields included were those which had been cut 
for hay 2 or more years, and the clover fields included were 
those which had been cut for hay (or had been pastured) only 
1 year following the year of seeding. Hemp after oats with a 
catch crop of sweetclover plowed under the fall of seeding or 
the following spring seemed to be but little better than was 
hemp after oats in which no sweetc10ver had been seeded. This 
observation was surprising in view of the benefit commonly 
derived by corn from a catch crop of sweetc1over. The only 
apparent explanation is the fact that the fall of 1942 was un-
favorable for the growth of sweetclover and the fixation of 
nitrogen. The growth was stopped early in September by snow 
and freezing weather. , 
The residual effect of various leguminous crops on the yield 
of hemp in 1943 was studied by classifying the yields from 75 
fields according to the kind of leguminous crop and the number 
of years which had elapsed since the leguminous crop had been 
grown. The yields were determined from quadrat samples 
Fig. 10. Hemp on the left followed alfalfa on limed Carrington silt loam' 
hemp on the right followed red and alsike clover on unlimed Carrington silt loam: 
4C7 
taken in fields where a 5-year crop · record was available. 
Alfalfa or clover immediately preceding hemp seemed equally 
effective in producing high yields (see table 12). A crop of corn 
between alfalfa and hemp caused no decrease in the yield of 
hemp, but a crop of corn be-
tween clover and hemp caused 
a definite drop in the yield of 
hemp. Where two to four crops 
of corn or oats were grown be-
tween clover and hemp, the 
yield of hemp was not signifi-
cantly better than it was where 
no clover had been grown during 
the 5-year period preceding the 
hemp. Soybeans immediately 
preceding hemp increased the 
yield of hemp but had little or 
no effect when a year of corn or 
oats intervened. 
A further study of the effect 
of previous crops on the yield 
of hemp was made using the 
1943 Iowa hemp mill data from 
some 1,100 fields. The complete 
set' of data tabulated by crop 
sequence for four soil types 
appea s l' t bl II f th A Fig. 11. Hemp on the right f~l-rna e 0 e p- lowed alfalfa on limed Carrington SlIt 
pendix. Because of the wide loam; hemp on the left fo!!owed red 
variety of crop sequences in- and alsike clover on unhmed Car-
rington silt loam, The bundles of 
eluded in the records and be- . hemp were cut from the field shown 
cause there were no entries in in fig. 10. 
some of the categories set up, some of the data were not used 
and others were combined. . 
Several groups of crop sequences were identical as far as 
the leguminous crops were concerned, but differed only with 
respect to the grain crops, corn and oats. The results obtained 
from individual-field samples taken in 1943 (see table 10) had 
indicated that corn and oats differed very little in their effect 
on the yield of the following crop of hemp. To study the effect 
of corn and oats on the yield of hemp, the data listed in the 
Appendix were regrouped into pairs by soil types and crop 
sequences differing only in the respect that in one member of 
the pair oats preceded hemp, while in the other, corn preceded 
hemp. Twenty-nine such pairs were studied by means of 
analysis of variance to determine the significance of the yield 
differences. The average yield of hemp following corn was 
2.67 tons per acre, and the yield following oats was 2.52 tons 
TABLE 12. PREVIOUS LEGUMINOUS CROPS AND THE YIELD OF HEMP IN 1943. 
--------
I No. of crops of 
Average yield Difference of hemp yield from that of com or oats 
Treatment No. of Leguminous between the of hemp indicated treatment (tons per acre) 
fields crop legume and tons per acre 
the hemp 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 
1 7 Alfalfa 0 4.62 0.g3 I 0.03 , 0.10 I 1.32* I 1.91", 1.12* I 1.88* ! 2.11" 2 6 Alfalfa 1 4.65 0 0.13 1.35* ! 1.94* . 1.15" 1.91" 2.14" 3 5 Clover·' 0 4.52 0.10 0.13 , 0 1.22" 1.81· 1.02" 1.78" 2.01" 
4 6 Clover 1 3.30 1.32· 1.35" I 1.22· 0 0.59 0.20 0.56 0.79 
5 11 Clover 2-4 2.71 1.91* , 1.94· , 1.81* , 0.59 o , 0.79" 0.03 I 0.20 
6 23 Soybeans 0 3.50 1.12· , 1.15· I 1.02" 1 0.20 
1 
0.79·1 0 0.~6"1 0.99· 7 8 Soybeans 1 2.74 1.88" I 1.91· 1.78" 0.56 0.03 0.76* 0.23 
8 9 None 5 or more 2.51 2.11· I 2.14* , 2.01· 0.79 0.20 0.99· 0.23 0 
------ -
• Difference in yield significant at 5 percent level. 
.. In computing the average -yield of hemp for treatment 3, the yields from two acid, unlimed fields were omitted. If the yields from 
these two fields are included, the average acre yield is lowered from 4.52 to 3.92 tons, and the difference from treatments 4 and 6 
becomes non-significant. 
~ 
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per acre. The difference of 0.15 ton in favor of corn fell far 
short of reaching significance at the 5 percent level. It was 
concluded, therefore, that there would be no important loss 
in accuracy if the results for rotations containing corn and oats 
were combined where possible, listing the corn and oats entries 
under the heading "grain." 
Table 13 presents the average yields of hemp listed under 
22 different crop sequences and 4 soil types. Relatively high 
yields of hemp were obtained where hemp followed alfalfa. 
The first three rotations listed permit a comparison of the 
effect of alfalfa directly preceding hemp with the effect where' 
alfalfa was 1 year removed and 2 years removed from the 
hemp, corn or oats being planted in each of the intervening 
years. The general averages indicate that the yield was higher 
the second and third years following alfalfa than it was directly 
following alfalfa. These differences result from the three soil 
types on which relatively few fields were located. The results 
on Webster silty clay loam, where there were 14, 11 and 8 
fields for the first, second and third year comparisons, re-
spectively, probably provide the most accurate comparison. 
Considering the yield of hemp directly following alfalfa as 100 
percent, the yield 1 year removed from alfalfa was 95 percent 
TABLE 13. THE YIELD OF HEMP IN IOWA IN 1943 FOLLOWING VARIOUS 
CROPS ON DIFFERENT SOIL TYPES. 
Crops preceding Tama I Clarion Webster Carring- . silt silty clay ton slit ",. I:: hemp· loam loam loam loam "d'il~ 0 .s.~g :;3 
,g I I ~~ I~;gl fo", " 0 ~ ~I "'~ I~ ~I "'~ ~ ~I < °0 ~8. II: ~ ... .. ~:E 'ilrll C::g -~ 0", :!:!Ul' ~ .. ~ ... .. .!!l§ ci'il ~.§ 1::"'1:: ~ en ::: ~;! .... g 0 CLI >§ ~.! p>o ... ><_ z;;:: ><- z;;:: ..... 
1 G-A I A A 
11 
3.45 7 2.85 1 14 3.35 4 3.01 
3.16 
2 A 
IiI 
G 4.50 2 3.67 11 3.17 1 2.86 3.55 
3 A G 2~ 1 4.04 3 2.99 8 2.94 2 3.13 3.27 4 G Cl 3.05 21 2.57 I 28 2.88 20 2.39 2.72 
5 G G 19 3.01 15 2.49 I 12 2.87 13 2.31 2.67 
6 Cl IG G 11 2.75 12 2.18 9 2.13 3 2.09 2.29 
7 G I Cl IH 6 2.61 5 2.91 2 3.32 1 1.97 2.70 
8 Cl H Ig 1 8 2.93 1 ~I 2.88 2 2.84 l' 1.89 2.63 9 H G 4 2.97 2.82 4 2.70 3 2.32 2.70 
10 G G P ~I 3.70 1191 2.98 49 3.18 1 4 2.27 3.03 11 G P G 3.24 19 2.67 25 3.06 4 3.10 3.02 12 P G G 4.23 I 7 1.95 16 2.80 3 2.93 -2.98 13 G P P 3.41 I 2 3.22 5 3.12 3 2.81 3.14 
14 CI P G 
2i 1 3.
84 1 1 1 
3.15 1 • 3.44 3 2.12 3.14 
15 G G Sb 24 45 2.16 75 2.40 18 2.30 2.52 
16 G Sb Ig 15 2.84 9 2.21 12 2.52 5 2.25 2.45 17 Sb G 
1 
gl 2.69 1 6 2.07 14 2.39 5 2.13 2.32 18 G Sb I Sb 3.43 7 2.38 10 2.37 4 2.10 2.57 
19 Sb I ~b I Sb 51 3.02 1 2.64 2 2.86 3 1.58 2.52 20 Sb Sb 
1 21 2.38 1 1 
2.33 2 2.84 2 2.68 2.56 
21 G 1 gl I ~b  3 56 5 2.09 1 2.421 1 3.03 2.77 22 G 30 2.90 83 2.29 160 2.52 41 2.19 2.47 
• G-gram (com or oats); A-alfalfa; Cl-elover; H-hay; P-pasture; Sb-soy-
beans. ,. 
•• Difference between rotations required for significance at the 5 percent level-
0.50 ton (analysis of variance based on the means). 
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and the yield of hemp 2 years removed from alfalfa was 88 
percent on the Webster soil. In this connection, it might be 
mentioned that in one of the hemp fields sampled in 1943 a 
yield comparison was made between hemp directly following 
alfalfa and hemp following corn which was preceded by alfalfa. 
A portion of the alfalfa field had been plowed a year before 
the remainder. On this field, the hemp 1 year removed from 
alfalfa yielded 95 percent as much as did the hemp directly 
following alfalfa. 
The data obtained in this and the preceding study all point 
to the conclusion that alfalfa has a very marked residual 
effect on the yield of hemp. How long this effect persists cannot 
be stated, but it still seems to be very much in evidence in the 
third year following alfalfa. Both the accumulation of nitrogen 
and the improvement in physical condition of the soil during 
the several years an alfalfa crop occupies the land ,probably 
contribute to the increased nitrogen availability responsible for 
the residual effect. 
The yields of hemp following clover in table 13 were con-
sistently lower than were the yields following alfalfa. An 
explanation for this difference, suggested in the discussion of 
the results obtained from sampling individual fields, is the fact 
that in Iowa, red and alsike clover often are seeded regardless 
of the acidity of the soil, whereas alfalfa is seldom grown on 
unlimed, acid soils. Apparently the quantity of nitrogen left 
by clover in acid soils was smaller than that left in the soils 
which did not need linle. One interesting comparison which 
bears out this point was made on a field of acid Carrington 
silt loam which was split in 1939, a portion being limed and 
seeded to oats and alfalfa. Hay was cut from the alfalfa each 
year through 1942. The unlimed side of the field was seeded to 
oats and a mixture of red and alsike clover in 1941. One crop 
of hay was cut in 1942, and the second crop of hay was plowed 
under in the fall at the same time the alfalfa land was plowed. 
The crop of hemp grown in 1943 yielded 5.0 tons per acre on 
the side where alfalfa had been grown and only 2.3 tons per 
acre where the clover had been grown. The difference in height 
and color of the hemp on the two sides of the boundary line 
was very noticeable. ;Hemp following clover on the unlimed 
land had a light green color, was definitely deficient in nitrogen 
and w~s 4lh feet in height, whereas hemp following alfalfa had 
a dark green color, contained nitrate nitrogen and was 7lh feet 
in height (see figs. 10 and 11). 
Rotations 4, 5 and 6 permit a comparison of the yield of 
hemp grown the first, second and third years following clover. 
There was a consistent decline in the yields of gemp as the 
clover became further removed from the hemp. By the third 
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year, the yields were below those for the fields on which no 
leguminous crop had been grown during the 3 years prior to 
the hemp, indicating that the residual effect of the clover had 
disappeared. One comparison is available which shows the 
effect of clover a year removed from hemp where soybeans 
were grown between clover and hemp. This comparison 
(rotation 21 vs. rotation 15) is not so reliable because of the 
relatively small numbers of fields in rotation 21, but indicates 
a benefit from clover grown the second year previous to the 
hemp. These results are in substantial agreement with those 
obtained from quadrat samples taken on individual fields, and 
indicate that while clover has a definite residual effect on the 
yield of hemp, the beneficial effect largely disappears in the 
first 2 years following clover. Hemp grown as the third crop 
following clover receives little benefit from the clover. 
The hemp yields from fields which had been in clover or 
pasture for 2 years were kept separate from those in which 
clover had been grown for only 1 year. The yields of hemp 
following rotation 7 (grain-clover-hay) averaged about the 
same as did the yields following rotation 4 (grain-grain-clover). 
It will be noted, however, that the results on the different soils 
were not consistent. On the Clarion and Webster soils the 
yields were higher following 2 years of clover than they were 
following 1 year of clover. The reverse was the case on the 
Tama and Carrington soils. The trend was similar where the 
clover was 1 year removed from the hemp crop (rotation 8, 
clover-hay-grain, vs. rotation 5, grain-clover-grain). On the 
more acid Tama and Carrington soils there is possibly a greater 
replacement of clover by timothy in the second year of hay, 
which decreases the benefit derived by the following hemp 
crop. A number of low-yielding fields were observed in the 
Carrington soil area in 1943 where the hemp was preceded by 
2 or more years of hay. Where hay occurred in the first year 
of the records (rotation 9), the hemp yields were consistently 
higher than they were on fields in first-year clover hay 
(rotation 6). The interpretation of this difference is not clear 
because the term "hay" alone, when not preceded by clover, 
is rather indefinite and might refer to alfalfa, to timothy, or 
to the first year of hay from clover. 
Pasturing the legume forage had a beneficial effect on the 
yield of hemp, in some cases raising the yields nearly to the 
level of those following alfalfa. A number of comparisons are 
available. Between . rotations 10' and 4, which compare hemp 
following 1 year of pasture with hemp following 1 year of 
clover, there was an average increase of 0.31 ton from 
pasturing. Between rotations 11 and 5, which compare the 
yield of hemp 1 year removed from a year of pasture with 
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that 1 year removed from clover, there was an average increase 
of 0.35 ton from pasturing the clover. Comparing rotation 14 
with 8, 13 with 7 and 12 with 6, the average increases from 
pasturing were 0.51, 0.44 and 0.69 ton per acre, respectively. 
The term pasture, as used in the latter two comparisons, is 
necessarily rather vague, which makes interpretation difficult. 
Thus, in rotation 12 the records could include old bluegrass 
pastures just plowed, in which case the hemp yields might be 
low. Rotation 13 might include alfalfa pastures which would 
increase the average yields. There is little doubt, however, 
that the pastures in rotations 10, 11 and 14 were clover pastures 
and that the first two comparisons with clover cut for hay 
demonstrate a real increase in hemp yields as a result of 
pasturing previous legume forage crops. 
The yields of hemp following soybeans were lower than 
were the yields following clover, but higher than were those 
after corn or oats. Rotations 15, 16 and 17 show the yield of 
hemp directly following soybeans in comparison with the 
yields of hemp grown in the second and third seasons following 
a crop of soybeans. The general average shows a decrease in 
yield as the soybeans were further removed (in the rotation) 
from the hemp, suggesting that soybeans grown 2 years before 
the hemp crop still were exerting an effect upon the yield of 
hemp. On the other hand, the average yield for each soil type 
in rotation 16 (grain-soybeans-grain) was very close to that 
obtained in rotation 22 (grain-grain-grain), indicating that all 
the residual effect had disappeared in the first year following 
soybeans. The yield of hemp grown the third year after soy-
beans (rotation 17, soybeans-grain-grain) was below the yield 
where no leguminous crops had been grown in the 3 years 
preceding hemp. The true situation regarding the effect of 
soybeans is perhaps intermediate between the two possibilities 
given above; i.e., that soybeans have a small effect upon the 
yield of hemp grown the second season following. The data 
obtained from sampling individual fields indicated that such 
was the case (see table 12). . 
Rotations 18 and 20 give the yields of hemp following soy-
beans grown 2 or 3 years consecutively. The averages are 
derived from only a small number of fields where soybeans 
were grown in all 3 years preceding hemp, but the data do 
not indicate that the hemp yields were definitely better fol-
lowing 2 or 3 years of soybeans than they were where they 
followed only 1 year of soybeans. Similar indications are ob-
tained from rotation 19 where soybeans were grown in the 
first and third years before hemp. 
It might be mentioned in connection with the effect of soy-
beans on the yield of hemp that soybeans seemed to be of more 
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value in the study where "split" fields were sampled than they 
were as determined from the hemp mill records. The reason 
for this difference probably lies in part with the cropping pat-
tern followed in the hemp-growing area. It is common practice 
to grow corn following biennial or perennial legumes and to 
start growing soybeans only after the fertility level of the soil 
has been lowered somewhat. Thus, among the crop records 
listed in the Appendix there were 327 cases in which clover, 
hay, alfalfa and pasture were followed by corn and only 40 
cases in which these crops were followed by soybeans. The 
preponderance of biennial and perennial legumes preceding 
corn is evidenced in the fact that the yield of hemp following 
soybeans was the same as the yield of hemp following corn 
where only the crop prior to hemp was considered. Corn and 
soybeans, therefore, were not exactly on an equal footing, 
since more of the residual effect of clover crops had dis-
appeared before soybeans were grown. The difference probably 
would result in placing the yields of hemp following corn a 
little too high rather than placing the effect of soybeans too 
low. The same explanation undoubtedly applies to the data 
for oats and may account for the fact that the average yield of 
'hemp following oats was slightly lower than was the yield of 
hemp following corn. There were records for only two fields 
in which oats followed pasture and none following clover, hay 
or alfalfa. Further evidence that the residual effect of legumes 
is greater where hemp is preceded by corn than where hemp 
is preceded by oats is found in the fact that the yield of hemp 
following oats was definitely lower than it was following corn 
when crops grown 2 and 3 .years prior to the hemp were not 
taken into consideration. 
A study of the residual effect of leguminous crops on the 
yield of hemp in 1944 was made on 40 fields following the same 
sampling procedure as that used in 1943. The results are given 
in table 14. The highest yields again were obtained where hemp 
TABLE 14. PREVIOUS LEGUMINOUS CROPS AND THE YIELD OF HEMP IN 
IOWA IN 1944. 
No. of crops of 
Average yield I No. of Leguminous corn or oats Treatment between the of hemp 
comparisons crop legume and tons per acre· 
the hemp 
1 6 Alfalfa 0 5.18 
2 4 Alfalfa 1 4.26 
3 5 Clover 0 5.20 
4 6 Clover 1 3.47 
5 4 Clover 2 3.32 
6 8 Soybeans 0 4.14 
7 7 Sovbeans 1 4$8 
• StatistIcal analYSIS Of the data indicated that the yields on treatments 1, 3 and 7 
were significantly higher than were tlle yields on treatments 4 and fl. 
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was preceded by alfalfa or clover. A crop or corn between 
either alfalfa or clover and hemp caused a decrease in hemp 
yield, whereas in 1943 little or no yield decrease was found 
in hemp grown the second year after alfalfa. Where two crops 
of corn or oats were grown between clover and hemp, the hemp 
yields were somewhat lower than they were where only one 
crop intervened. The yield of hemp following soybeans aver-
aged 80 percent as great as that following clover, a value close 
to the 75 percent obtained in 1943. Where a year of corn was 
grown between soybeans and hemp, the hemp yield was for 
some reason considerably higher than it was directly following 
soybeans. This result is in contradiction to the behavior ob-
served in 1943. 
Samples were taken in 1944 from eight fields of hemp 
which followed hemp. The average yield was 4.14 tons per acre, 
thus comparing favorably with the yield of hemp following 
soybeans. Five hemp fields were sampled which had been 
plowed out of old bluegrass sod 3 or 4 years previously. The 
average yield on these fields was 3.83 tons per acre, indicating 
a residual value greater than that from clover grown 3 years 
prior to the hemp. . 
THE EFFECT OF HEMP ON THE YIELD OF SUBSEQUENT CROPS 
Because of the poor growth of hemp on many fields and 
the marked response to soil fertility differences in 1943, a 
number of growers expressed the opinion that hemp must be 
"hard on the land" and that it might be several years before 
a good crop could again be grown on a field which had been 
planted to hemp. Numerous observations made in 1944, as well 
as yield data obtained on crops following hemp, tend to dis-
prove this contention. 
Since no pianned rotation experiments were available in 
which the relative effects of hemp and other crops could be 
evaluated, a number of fields were located which had been 
split between hemp and other crops in 1943 and were planted 
either to hemp or to corn in 1944. Prior to 1943 the fields had 
been farmed as a unit. 
In table 15 are given the yields of hemp from six fields 
TABLE 15. THE YIELD OF HEMP IN IOWA IN 1944 WHEN GROWN FOLLOW-
ING HEMP AND (lTHER CROPS. 
Preceding crops compared No. of YIeld of hemp, tons per acre 
A B comparisons A I B 
Sweet corn· -Hemp - 2 5.82 i --3-:gs-Corn Hemp 1 3.82 4.25 
Oats Hemp 1 4.22 i 4.62 
Soybeans Hemp 1 2.84 1.95 
Pasture Hemp 1 4.03 1.95 
• Fall plowed: all others sprmg plowed. 
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TABLE 16. THE YIELD OF CORN ON WEBSTER SILTY CLAY LOAM IN IOWA' 
IN 1944 WHEN GROWN FOLLOWING HEMP AND OTHER CROPS. 
Preceding crops compared 
A B 
Com (spring plowed) Hemp· 
I 
Oats (spring plowed) Hemp 
Oats (fall plowed) Hemp 
Soybeans (spring plowed) Hemp 
Soybeans (fall plowed) Hemp 
• All hemp fields spring plowed. 
No. of 
comparisons 
3 
I 
7 
4 
8 
4 
YIeld 01 com, 
bushels per acre 
A I -B--
66.6 83.0 
72.3 75.5 
81.7 72.8 
78.4 77.7 
76.8 68.7 
which in 1943 were split between hemp and other crops. The 
yield of hemp was higher following sweet corn, soybeans and 
pasture than it was following hemp, but was lower following 
field corn and oats than it was after hemp. The difference in 
behavior of sweet corn and field corn may be explained by the 
fact that sweet corn is not a fully matured crop as is field corn. 
The green stalks and leaves of sweet corn plowed under after 
the ears are picked act as a green manure. Field corn land is 
generally plowed the following spring because of the late 
harvest date. 
Table 16 gives the yields of corn from 26 fields which had 
been split between hemp and other crops in 1943. The time of 
plowing is indicated in each case because this had considerable 
bearing upon the yield of corn in 1944. All the hemp fields 
were plowed in the spring, since the hemp was not picked up 
until after the soil was frozen in the fall of 1943. The acre yield 
of corn following hemp was 16.4 bushels higher than it was 
following corn and 3.2 bushels higher than it was following 
spring-plowed oats. On the other hand, corn following hemp 
yielded 8.9 bushels less than that following fall-plowed oats, 
8.1 bushels less than that following fall-plowed soybeans, and 
0.7 bushel less than after spring-plowed soybeans. 
These results, although of limited value because of the 
relatively small numbers of fields, indicate that yields of corn 
and hemp preceded by hemp are somewhat higher than they 
are when these crops are preceded by corn or oats, other 
factors being the same. The beneficial effect of hemp appar-
ently approaches the magnitude of the effect of soybeans. 
While hemp lacks the nitrogen-fixing mechanism of soybeans, 
it does leave the ground relatively free of weeds. Both crops 
tend to have. a loosening effect on the soil, thus promoting 
aeration and nitrification. 
THE YIELD OF HEMP AS AFFECTED BY CULTURAL PRACTICES 
FALL PLOWING VERSUS SPRING PLOWING 
Hackleman and Wascher (3) made a study of the 1943 
hemp mill records from Illinois and found that the average 
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acre yield of hemp on all fall-plowed fields was 2.65 tons and 
the average yield on all spring-plowed fields was 2.60 tons. 
Spring plowing gave the higher yields where hemp followed 
"other legumes," corn and small grain. 
In table 17 the yield records obtained from the Iowa hemp 
mills in 1943 were classified into five groups according to soil 
types and four groups according to the preceding crops. Each 
of the four crop groupings was subdivided into two categories, 
one including all the fall-plowed fields and the other including 
all the spring-plowed fields. 
The average acre yield of hemp was 2.56 tons on fall-plowed 
land and 2.42 tons on spring-plowed land. The difference due 
to time of plowing was not significant, as indicated by analysis 
of variance of the average yields. It is of interest, however, to 
not~ that where the data are averaged by crops, fall plowing 
was' superior to spring plowing where hemp followed corn, oats 
and hay, but spring plowing was superior to fall plowing where 
hemp followed soybeans. The higher yields were obtained on 
the spring-plowed soybean land on four of the five soils. Only 
on Webster silty clay loam was fall plowing superior where' 
hemp followed soybeans. 
It would be expected that the largest increases in hemp 
yields from fall plowing would occur either in dry seasons or 
in wet seasons. Where moisture conditions are favorable for 
spring plowing and where there is sufficient mois.ture following 
seedbed preparation to replace that lost in plowing, then 
spring-plowed land and fall-plowed land might produce about 
the same yields. The 1943 season had more rainfall than aver-
age, but there was no excess of rain early in the spring when 
the plowing was being done, and the soil was in good physical 
condition for plowing. In 1944, however, there were frequent 
heavy rains throughout the spring and early summer so that 
there was very little time when the soil was dry enough for 
spring plowing. As a consequence, many fields were plowed 
when wet. Very few data are available to show the effect of 
spring and fall plowing on the yield of the 1944 crop, but 
observations indicated that the benefit received from fall 
plowing was greater in 1944 than it was in 1943. 
DRILLING VERSUS BROADCAS'fING 
In 1943 the hemp growers were urged to drill the hemp 
seed wherever possible, since experience in the old hemp-
growing areas had indicated that to obtain a good stand of 
uniform thickness, drilling was the more desirable method of 
planting. In some areas, however, very few farmers were 
equipped with drills, and much of the hemp seed was broad-
cast with the endgate seeders commonly used for so~ing oats. 
TABLE 17. TIME OF PLOWING AND THE YIELD OF HEMP IN IOWA IN 1943. 
-- -- -- ---- ---- ------ - -- - -- -
Yield of hemp on fall- and spring-plowed fields following indicated crops 
Corn Oats Soybeans Hay 
Fall Spring Fall Spring Fall I Spring Fall Spring 
plowed plowed plowed plowed plowed plowed plowed plowed 
Soil type No. of I Yield No.ofl Yield No. Oi iYieiiC No. of I Yield No.Ofl Yield No.Ofl Yield No. of I Yield No. of I Yield 
fields I tons/ A fields I tons! A fields tons! ~ fields tons! A fields tons! ~ fields tons/ A fields tons! A fields tons/ A 
Tama silt loam 111 2.99 67 I 3.08 61 3.01 7 2.46- 2~ I 2.81 29 1 3.15 15 3.06- 24 2.99 Clarion loam 
17/ 
2.46 83 1 2.42 
441 
2.32 5 1.88 2.20 
34/ 
2.44 43 2.85 11 2.12 
Webster silty clay loam 32 2.90 
•
119 1 
2.69 82 2.47 13 2.34 4~ I 2.75 65 2.53 91 3.05 13 2.89 Carrington slit loam 4 2.30 50 2.26 24 2.19 4 1.62 1.83 38 2.23 33 2.22 17 2.25 
Floyd silt loam 2 2.84 7 2.38 4 2.13 1 1.55 21 2.23 10 2.64 5 2.65 5 2.41 
Un weighted averal!e I 2.70 -I 2.57 I 2.42 I 1.97 _. I 2.36 I 2~60- .... I 2.77- 1 2.53 
----- -- ------ -----
01>-
!:i 
TABLE 18. METHOD OF PLANTING AND THE YIELD OF HEMP IN IOWA IN 1943. 
-
Yield of hemp on drilled and broadcast fields following indicated crop 
Corn Oats Soybeans Hay 
Drilled I Broadcast Drilled Broadcast Drilled Broadcast Drilled Broadcast 
Soil type No.of Yield No.of Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield fields I tons! A fields I tons! A fields I tons/A fields tons!A fields I tons! A fields tons! A fields tons! A fields I tons/ A 
Tama silt loam 51 I 
3.08 1 271 
3.05 8 2.62 5 2.87 
21 I 3.17 13
1 
2.98 
20 I 2.94 19 3.10 Clarion loam 44 2.44 56 2.41 14 2.56 35 2.16 13 2.58 48 2.27 22 2.90 32 2.56 Webster silty clay loam 40 I 2.66 111 2.76 23 2.54 72 2.42 30 2.59 77 2.63 36 2.99 68 3.06 Carrington silt loam 23 2.38 31 2.17 9 2.02 19 2.15 28 2.27 15 2.03 20 2.29 30 2.19 
Floyd silt loam 5 2.62 4 2.31 2 1.73 3 2.20 5 2.90 7 2.34 5 2.50 5 2.57 
Unweighted average ._ I 2.64 .... I 2.54 .' .. I 2.29 ... I 2.36 ... I 2.70 I _._ I 2.45 I I 2.72 
-' I 2.70 
--------
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Wilsie, Black and Aandahl (4) reported that in an experi~ 
ment conducted in Iowa in 1943, drilling proved superior to 
broadcasting. The average acre yield of hemp" on the broad-
cast plots was 3.14 tons and the average yield on the drilled 
plots was 3.44 tons, an increase in yield of 0.3 ton from drilling. 
The stand of hemp averaged 18.4 plants per square foot on the 
drilled plots and 8.8 plants per square foot on the broadcast 
plots. Hackleman and Wascher (3) found from the Illinois 
hemp mill records that on spring-plowed and on disked fields 
broadcasting out yielded drilling by 0.05 ton per acre, whereas 
on fall-plowed fields drilling out yielded broadcasting by 0.3 ton 
per acre. 
In table 18 the 1943 yield records from the Iowa hemp mills 
have been classified according to five soil types and four 
previous crops. Under each crop, the data were divided into 
two categories according to whether the seed was drilled or 
broadcast. The average yield of drilled hemp was 2.59 tons 
per acre, and the average yield of broadcast hemp was 2.51 
tons per acre. Analysis of variance based on the means indi-
cated that the difference of 0.08 ton in favor of drilling was 
not significant. In 8 of the 20 pairs, the yield of broadcast 
hemp was higher than was that of drilled hemp. _ 
It might be mentioned that the 1943 season in Iowa was one 
in which broadcasting would be expected to give a good stan.d 
of hemp. Farmers were advised to use a spike-tooth harrow 
to cover the broadcast seed, since it was anticipated that the 
seed would in many cases be placed too deep by disking. As a 
consequence, the seed on most broadcast fields was near the 
surface of the soil and would not have germinated readily had 
the surface been dry. The rainfall was ample to insure prompt 
germination except in an area comprising southwest IJancock 
and southeast Kossuth counties (Britt and Algona hemp mill 
areas, respectively). In this area there was no rain for about 
2-3 weeks after most of the hemp was planted. Good stands 
were obtained on the drilled fields, but on'some of the broad-
cast fields relatively few plants came up within the normal 
time. The plants which did germinate were evidently from 
seeds placed deeper than average. After there had been enough 
rain to moisten the soil, much of the remaining seed germi-
nated. The height .of hemp on some of these fields, however, 
never became umform, and even at harvest there was a 
definite difference in height between the hemp which germi-
nated early and that which did not germinate until after rain 
had moistened the soil. 
~ stands on broadcast fields in Iowa were probably 
10 Containing 10 percent moisture. The yields were originally reported on the 
oven-dry basis. 
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thinner on the average than were the stands on drilled fields. 
The tendency of the broadcast fields to give very nearly the 
same average yield as the drilled fields undoubtedly resulted 
from the greater height and diameter of individual plants in 
the thinner stands. It was common knowledge among the hemp 
mill managers that quality, as measured by the percentage of 
long fiber, was better in the drilled fields. 
RELATIVE YIELDS OF HEMP AND. CORN 
A preliminary study of the relative yields of corn and hemp 
grown side by side- indicated no definite relationship (4). The 
availability of hemp yields from some 2,400 fields and of aver-
age corn yields by townships for the hemp-growing area of 
Iowa (2) warranted a further study. The relationship between 
corn and hemp yields was determined, using all townships in 
10 counties where yield data for 12 or more hemp fields were 
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fig. 12. Yield of hemp and corn by townships in Iowa in 1943. 
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at hand. These comparisons obviously were not made within 
fields .. Neither was there any control over management or 
distribution of fields throughout the township. 
The results are plotted in fig. 12, each point representing 
the average for a township. In spite of the sources of error, 
there was a definite relationship between the yields of hemp 
and corn, the yield of hemp increasing by 0.0285 ton per bushel 
increase in yield of corn. The correlation coe:t£icient of 0.625 
was highly signifiCant. 
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APPENDIX 
TABLE I. THE YIELD OF HEMP BY HEMP MILL AREAS. SOIL TYPES AND 
SOIL MANAGEMENT LEVELS IN IOWA IN 1943. 
Previous management of fields· ""., ]:s!tl 
1 2 3 4 5 i1l»<11 .,,, 
~ ~I ""~ ~ ~I ""~ "d~1 :g~ .... ~I ",,< "d~1 ""~ 'il~8. 0"" 'il'" 0"" 4l'" 0"0 _~ -~, ~ .. ~ Hemp mill site ~~ .~ § dal :>:§ c:i'ii "a oa; a~.§ OGl ~~ :S~§ ><- z;;: z;;::: :>:.s z;;::: >< z;: <11 .. 
Clarion Loam 
Algona 6 1.98 2 2.43 7 2.07 3 2.31 6 2.48 2.25 
Boone 12 2.26 8 2.90 5 2.75 9 2.24 7 3.13 2.66 
Britt 18 2.32 6 2.32 20 2.39 21 2.12 15 2.81 2.39 
Eagle Grove 4 2.03 7 2.93 8 2.22 14 2.34 3 2.75 2.45 
Hampton 8 2.97 8 2.67 6 2.13 7 2.50 12 2.82 2.62 
Humboldt 7 2.11 1 2.25 2 1.83 6 2.45 1 1.80 2.09 
Iowa Falls 3 1.95 4 2.52 1 2.37 6 2.28 9 3.09 2.44 
Mason City 13 2.45 3 2.48 6 2.04 5 2.46 8 2.58 2.40 
Unweighted 
2.41 average ___ . 2.26 
----
2.56 ... - 2.23 
--
2.34 
----
2.68 
Webster Silty Clay Loam 
Algona 17 2.51 5 3.03 23 2.35 9 2.66 18 2.76 2.66 
Boone 9 2.72 1 2.82 4 2.65 8 2.32 31 2.67 2.64 
Britt 20 2.47 6 3.04 20 2.55 20 2.56 20 2.69 2.66 
Eagle Grove 20 2.46 14 2.76 28 2.30 34 2.15 14 3.21 2.58 
Hampton 14 2.76 11 3.43 26 2.70 27 2.82 29 3.43 3.03 
Humboldt 7 3.38 6 3.20 2 2.17 8 3.03 2 3.41 3.04 
Iowa Falls 13 2.58 fl 3.07 11 2.48 12 2.76 17 3.19 2.82 
Mason City 8 2.45 8 3.01 7 2.74 3 2.63 4 2.92 2.75 
Unweighted 
average 
----
2.67 
----
3.05 
-. 
2.49 
. ---
2.62 -.. 3.09 2.77 
Tama Silt Loam 
Grundy Center 
1
31 
2.83 I 121 3.26 1 il '~l~ 3.11 16 2.89 2.92 Hampton 13 2.721 9 2.78 2.72 6 2.96 10 3.16 2.87 Traer 21 3.29 9 3.59 3.01 18 3.37 19 3.15 3.28 Unweighted I 
average 1-·· 2.95 ____ I 3.21 I -- I 2.74 .... 3.15 -- 3.07 3.02 
Muscatine Silt Loam 
Grundy Center I 6 I 3.11 I 6 I 3.35 I 2 I 3.13 I 9 I 3.15 I 4 I 3.34 I 3.22' 
Carrington Silt Loam 
Grundy Center 4 2.17 3 2.22--2-2~91 5 2.79 2 2.04 2.43 
Hampton 5 2.22 9 2.75 4 2.75 5 1.76 7 2.78 2.45 
Iowa Falls .9 2.53 4 2.34 2 1.84 4 2.33 8 2.54 2.32 
Mason City 5 2.29 1 1.91 3 1.65 5 2.47 6 2.38 2.14 
Rockford 17 2.27 5 2.27 14 2.18 19 2,19 21 2.05 2.19 
Unweighted 
2.27 I -__ Average _u~ 2.30 
----
2.30 
---
2.31 .... 2.36 . 2.31 
Floyd Silt Loam 
Rockford 6 I 2.29 I 5 I 2.62 I 8 I 2.05 I 19 I 2.56 I 15 I 2.52 I 2.41 
Clyde Silt Loam 
Rockford 7 I 2.14 I 3 I 2.70 I 7 I 2.31 I 9 I 2.33 I 10 I 2.89 I 2.47 
* Previous management of fields: (1) Corn in 1942 with com, oats or soybeans In 
1941; (2) com in 1942 with clover. pasture or alfalfa In 1941; (3) oats in 1942; 
(4) soybeans in 1942; (5) clover. pasture or alfalfa in 1942. 
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TABLE II. THE YIELD OF HEMP IN IOWA IN 1943 WHEN GROWN FOLLOW-
ING VARIOUS CROP SEQUENCES ON DIFFERENT SOIL TYPES. 
. I Tama Clarion Webster silty Carrington Crops precedmg hemp' silt loam loam clay loam silt loam 
No.ofl Yield No.ofl Yield No.Ofl Yield No.ofl Yield 
1940 1941 1942 fields I tons/ A fields tons/ A fields tons/ A fields tons/ A 
C 0 C :1 2.63 4~ I 2.33 60 I 2.54 16 2.27 0 .C C 2.74 ·2.51 12 2.42 2 1.75 
C C C' 10 . 3.15 0 
--.- 7 2.96 6 2.33 
H C C 4 2.97 2 2.82 2 2.95 2 1.88 
CI C C 7 2.95 4 1.98 3 2.06 1 2.31 
P C C 2 4.23 2 2.04 3 3.49 2 3.02 
A C C 3 4.04 1 2.86 2 3.01 1 2.81 
A A C 1 4.50 2 3.67 11 3.17 1 2.86 
0 A C 0 .. - 0 
----
39 3.01 0 
-. 
A Sb C 0 .-.. il -p-- 1 3.25 0 ..-Sb C C 2 3.58 3.31 2 2.88 0 .,.-Sb C C 3 2.13 1.60 6 2.43 3 2.56 
0 Sb C 7 2.66 4 1.99 1 2.62 3 2.17 
C Sb C 6 3.20 4 2.40 5 2.81 2 2.36 
H Sb C 0 
----
0 .... 1 2.18 0 .-
CI Sb C 0 
---
1 1.92 0 
--.. 
0 
----
P Sb C 0 . --- 1 2.49 0 .-. 0 ----
Sb Sb C 0 L ___ 1 3.41 1 2.22 1 2.96 
0 Cl C 19 3.01 15 2.49 12 2.87 13 2.31 
0 P C 2 3.24 18 2.70 24 3.06 4 3.10 
CI H C 8 2.93 1 2.88 2 2.84 1 1.89 
Cl P C 2 3.84 1 3.15 1 3.44 3 2.12 
P P C 
:1 
3.43 3 2.32 10 3.12 1 2.37 
A A A 3.45 5 2.75 13 3.39 3 2.87 
0 A P 0 _._. 1 2.83 0 
--.-
0 A A 2 3.10 6~ I 2.95 1 3.43 0 C 0 1 2.37 33 2.19' 2.46 12 1.90 C C 0 6 3.10 il 2.45 14 2.57 5 2.60 CI C 0 4 2.39 2.28 6 2.17 2 1.97 P C 0 0 ---- 1.91 I! I 2.65 1 2.75 A C 0 0 .".- 3.05 2.91 1 3.45 Sb C 0 1 2.56 2 I 2.17 2.20 2 1.47 
0 Sb 0 0 ,,0, il 2.37 ~ I 2.63 0 -C Sb 0 2 2.36 ---- 2.20 0 .".-Sb Sb 0 0 ---- ---- 3.16 0 --.-H C 0 0 .--- ___ a 2.44 1 3.19 
0 P 0 0 .--- 2~ j 2.10 1 3.12 0 ----A A Sb 0 ___ L ---- 4 3.16 0 --0-0 C Sb 7 2.99 2.23 33 2.42 5 2.35 
C C Sb 11 3.58 41 2.58 9 2.78 8 2.26 
C 0 Sb 5 2.83 17 1 1.98 33 2.27 5 2.33 
Cl C Sb 6 2.84 ~I 2.12 6 2.58 3 2.55 P C Sb 01 .--- 2.37 5 2.88 21 1.96 
A C Sb 1 1 4.04 2 1 2.64 5 2.96 
gl 
.-.-
Cl H Sb 01 
---- ~I ---- 0 ---- 1.97 0 P Sb 1 I 3.90 2.49 4 3.42 ~I _._. 0 Cl Sb 51 3.56 2.09 1 2.42 3.03 C Sb Sb 3.43 51 2.40 9 2.34 31 2.09 
0 Sb Sb ~I ... il 2.31 51 2.68 1 1 2.14 Cl Sb Sb 3.83 2.10 01 
--.-
P Sb Sb gl ---- II a_o_ 21 2.94 ~ I 2.06 Sb Sb Sb 2.38 2.33 21 2.84 2.68 P P Sb 0 2.17 5 1 2.82 1 I 3.37 Sb C Sb 5 3.02 2.64 2 I 2.86 31 1.58 
C 0 ~l 22 3.05 21 I 2.57 28 I 2.88 20 I 2.39 C 0 P 2 3.70 19 2.98 49 3.18 41 2.27 
Sb 0 Cl 4 2.97 II 2.69 II 2.14 gl 1.76 C F Cl il .' .. 2.91 0 P P 3.41 3.22 3.12 3 I 2.81 0 Cl H 2.61 2.91 3.32 ~I 1.97 P P P 2.37 11 4.52 ~I 2.81 2.25 H H H 2 I 2.96 2.45 ... 51 1.69 
• C-corn; O-oats; F-flax; Sb--Soybeans; A-alfalfa; Cl-clover (red. alsike 
or swcctclover alone. in mixtures or in combination with grasses); H-hay; 
P-pasture. . 
TABLE Ill. THE YIELD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT ON DIFFERENT SOIL TYPES IN IOWA IN 1944. 
Preceding crop 
Corn or oats 
Soybeans 
Clover, pasture 
or alfalfa 
Unweighted average 
-Cl~n loam ___ I--.Fehster siltY clay loam _1 ___ Tama slit loam 1_ Muscatine silt loam 
Fertilizer' No fertilizer Fertilizer' No fertilizer Fertilizer· No fertilizer -Fertilizer' No fertilizer 
No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield No.ofl Yield 
fields tons! A fields tons! A fields tons! A fields tons! A fields tons! A fields tons! A fields tons! A fields 1 tons! A t 
91 1.86 .10 I 2.76. 49 1 2.66 20 I 2.07 10 I 3.08 121 2.81 ---I -- 3 I 2.77 w 3 2.57 5 2.62 9 1.98 5 2.08 3 2.85 6 2.64 1 3.21 6 2.90 
5 3.14 __ lL 2.81_ 19 2.63 26 2.74 6 ~.22 8 2.97 2 2.72 1 I 3.90 
____ r- -2~52 1 __ I 2.73 1- I 2.42 I ___ I 2.30 r--------:::::i-3.051 m I 2.811 n_ I 2.97 1 __ I 3.19 
• Manure or commercial fertilizer. 
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TABLE IV. THE YIELD OF HEMP AT DIFFERENT LEVELS OF MANAGEMENT 
ON DIFFERENT SOIL TYPES IN ILLINOIS IN 1944. 
SayErooK SlIt loam ·r;lsoon Silt loam Flanagan Silt loam 
Fertilizer' No Fertilizer' No Fertilizer' No fertilizer fertilizer fertilizer 
'O~ 1 'tl~ ~~I 'tl~ 'd~\ 'tl~ ~~\ 'tl~ ~ '1 'tl~ ~ ~\ 'tl~ Preceding -~ 0'tl -~ -til :2l~ ~:E :2l~ :g ~~ crop oii ~§ o"Qj ~§ 6~ ~§ 0., 0., 0., Zoe Zoe Zte zoe ><-S Zoe ><-S Zoe 
Com or 2~ I ~ I oats 14 3.13 6 2.45 3.04 3.11 24 3.49 14 2.98 Soybeans 3 3.09 3 2.87 3.00 3.68 6 3.40 8 3.13 
Clover, 
I pasture 24 2.71 8 2.79 38 3.39 29 or alfalfa 2.94 11 2.91 17 3.14 
Unweighted I 
average I .... 3.05 
----
2.74 
----
I 2.92 3.19 
----
3.43 
----
3.08 
• Manure or commercial fertilizer. 
TABLE V. AVERAGE YIELDS' OF HEMP ON VARIOUS SOILS IN IOWA, 
MINNESOTA AND WISCONSIN IN 1943 AND 1944. 
Soil type I 1943 1944 No.ofl Yield No.ofl Yield fields tons/A fields tons/A 
Ames silt loam_ ... _ ... _ .. __ ._ .......... __ .~ .. __ ............ ~ .. _.~_ 8 2.86 
Bellefontaine loam ...... ___ .. __ . __ ..................... _ ....... _ ..... __ ... _. 27 2.80 Bellefontaine gravelly loam _ ...... __ ~_. ______ ... _ .......... __ _ 
Benoit silt loam. __ ._. __ ............... _ .......... _ ...................... _ ..... _._ 
5 2.63 
13 2.71 1 2.70 
Berwick silt loam .. _ ......... __ ............. _. __ ........ _ ........ _ ..... _. __ 3 2.68 2 2.55 
Buckner loam __ ............... _._ .............................................. _ ..... . 
Carrington silt loam ......... _ ..... _ ..... _ ............................... __ ... ~ .... . 
1 2.69 
2.75 169 2.31 11 Clinton silt loam_. ____ .... _ .................. _. __ ._. __________ .. _ ................... . 7 3.53 18 2.64 Dickinson fine sandy loam .. _. __ ... _. ___ . ________ .............. __ .. ________ .-~. 6 1.85 
Downs silt loam ... _._ ... _. ___ ..... _ .......... _. __ .... _._. _____________ .. ___ ........ _. 14 2.64 9 2.94 Fox silt loam._._. __ ... _ ... _ ............. ___ . __ .. _____ . ____ .. _._._ ... _. _____ .... ____ _ 4 2.92 1 2.87 
Garwin silty clay loam_ .. _. ___ ~_ .. ___ ......... _. __ . ____ . ___ ......... _ ...... . 7 3.01 
Genessee silt loam __ ._. __ ............. _ .... ___ . __ ..... _ .................. _. _____ _ 4 2.79 
Hines silt loam ..... _._ ..... ___ . ____ .... _ .. _ ... _ .......... _. ___ . ___ . ____ .... . 15 2.63 
Lamoure silty clay loam ..................... _._ . .:. __ .. ___ ............. ____ .. __ _ 
Miami silt loam (Hartford, Wis.)_. ________ .......... _ .. _. __________ • 4 2.85 3 2.78 5 2.84 O'N elll loam ________________________ .. __ .............. _________ ._ ......... _ ....... . 9 2.05 
Peat >ad muck._ ... _ ......... _. __ ... _ ... _. _________ .. _ ... _ ............ ____ . ______ _ 7 3.16 2 3.53 Ray silt loam . _______ . _________ ._. ___ ._ ...... _ .... ___ . _______ ......... _. __ .. 
Sioux loam. ___ ........ _ ..... _ .. __ ..... _._ .. _____ . __ ._ .. ____ ........... _ .... _ ... _. ____ . __ 
4 3.22 
2.28 2 2.84 4 
Schapsville silt loam ______________ ..................... _. _____ ._ ... __ .... __ ., .. 
Wabash silt loam ..................... _____ . __________________ ................... _ .. __ _ 
10 2.34 4 2.64 
9 3.44 4 2.56 Waukesha silt loam. ___ ... ____ .. _ .. __ .. _ .......... _ ..... _. __ . _____________ ..... _ 16 2.92 
Waukegan silt loam .............. ____ _ -.-. I 18 2.65 
• Includes all fields regardless of management or trea~ment. 
TABLE VI. AVERAGE YIELDS' OF HEMP ON VARIOUS SOILS IN ILLINOIS 
IN 1944. 
SOlI type No. of fields 
Brenton silt loam .. __ ._ ....... _ .............. ___ .. _____ '-_____ ............. _ .. _...... 9 
Caledonia silt loam .. _ .. ____ .. _. ___ ... ___ . ____ . __ . __ ..................... ___ ... _ 11 
Clinton silt loam. ____ . __ ._. ____ .... _ .. ___ .......... _ .. ____ ..... ___ .. __ .... __ ... _ 3 
Drummer clay loam ____ .. _ ... ____ ....... ____ ._. __ . _____ .. _ .. _. __ ._........... 7 
Huntsville silt loam ____ .. __________ . ________ . ___ .... _ ..................... ______ 2 
Miami silt loam ___ . ___ ._ .. ______ ..... _ .. _ ............. ___________________ ... 7 
Muscatine silt loam ... _. __ ............ ___ .... ___ ..... ___ ._. _____ .. _._ ...... _ ... ___ . 14 
Tama silt loam __ .. __ . __ . __ ... ____ 14 
• Includes all fields regardless of management or treatment. 
Yield, tons/A 
2.42 
3.01 
2.89 
3.63 
2.83 
1.91 
3.31 
3.04 
